Ubiquitinated proteins including uH2A on the human and mouse inactive X chromosome: enrichment in gene rich bands.
The inactive X chromosome (Xi) forms a heterochromatic structure in the nucleus that is known to have several modifications to specific histones involving acetylation or methylation. Using three different antibodies in four different cell lines, we demonstrate that the Xi in human and mouse cells is highly enriched in ubiquitinated protein(s), much of which is polyubiquitinated. This ubiquitination appears specific for the Xi as it was not observed for centromeres or other regions of heterochromatin. Results using an antibody specific to ubiquitinated H2A provide a clear link between H2A ubiquitination and gene repression, as visualized across an entire inactive chromosome. Interestingly, the ubiquitination of the chromosome persists into mitosis and can be seen in a reproducible banded pattern. This pattern matches that of Xist RNA which forms bands as it detaches from the mitotic X chromosome. Both ubiquitination and Xist RNA appear enriched in gene dense regions and depleted in gene poor bands, but do not correlate with L1 LINE elements which have been suggested as key to X-inactivation. These results provide evidence that ubiquitination along with Xist RNA plays an important role in the formation of facultative heterochromatin during X-inactivation.